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ADJUSTABLE IMPLANTATION ANGLE 
WORKPIECE SUPPORT STRUCTURE FOR 
AN ION BEAM IMPLANTER UTILIZING A 

LINEAR SCAN MOTOR 

FIELD OF THE INVENTION 

The present invention relates to an adjustable implanta 
tion angle workpiece support assembly or structure coupled 
to an implantation chamber of an ion beam implanter and, 
more particularly, to a Workpiece support assembly or struc 
ture that provides for rotational and linear movement of a 
Workpiece With respect to an ion beam such that an implan 
tation angle of the Workpiece may be selected and the 
Workpiece translated along a linear path at the selected 
implantation angle Wherein a distance from an ion beam 
entrance to the implantation chamber to the intersection of 
the ion beam and an implantation surface of the Workpiece 
remains constant during translation of the Workpiece. 

BACKGROUND ART 

Ion beam implanters are Widely used in the process of 
doping semiconductor Wafers. An ion beam implanter gen 
erates an ion beam comprised of desired species of posi 
tively charged ions. The ion beam impinges upon an 
eXposed surface of a Workpiece such as a semiconductor 
Wafer, substrate or ?at panel, thereby “doping” or implanting 
the Workpiece surface With desired ions. Some ion implant 
ers utiliZe serial implantation Wherein a single, relatively 
large Wafer Workpiece is positioned on a support in an 
implantation chamber and implanted. The implantation 
occurs one Workpiece at a time. The support is oriented such 
that the Workpiece is in the ion beam beam line and the ion 
beam is repetitively scanned over the Workpiece to implant 
a desired dosage of ions. When the implantation is complete, 
the Workpiece is removed from the support and another 
Workpiece is positioned on the support for implantation. 

In recent years, the trend in the semiconductor industry 
has been to use increasingly larger Wafer Workpieces, for 
eXample, 300 mm. diameter Wafers. The ability to implant 
large Wafer Workpieces or other Workpieces such as ?at 
panels has become very desirable. One Way to implant a 
Workpiece serially is to move it in front of a scanned, fanned 
or ribbon ion beam. Such an ion beam is Wide enough so that 
the entire Width of the Workpiece can be implanted uni 
formly. In order to implant the entire Workpiece, a second 
motion transverse to a direction or eXtent of the ion beam is 
required. Further, it is often desired to be able to change an 
angle of implantation for a particular Workpiece being 
implanted. The angle of implantation is the angle of inci 
dence formed betWeen the ion beam and the treatment 
surface of the Workpiece. An implantation angle of 0 degrees 
means that an implantation surface of the Workpiece is 
normal to the ion beam beam line. 

One shortcoming of Workpiece support structures of prior 
art ion beam implanters is that, other than an implantation 
angle of 0 degrees, movement of the Workpiece along a path 
of travel perpendicular to the ion beam beam line causes a 
distance that the beam travels Within the implantation cham 
ber before striking the Workpiece implantation surface to 
change. Stated another Way, if the implantation angle is not 
0 degrees, the Workpiece can be vieWed as being tilted With 
respect to the ion beam beam line. If such a tilted Workpiece 
is moved perpendicularly With respect to the ion beam beam 
line, When portions of the Workpiece tilted toWard the ion 
beam are being implanted, a distance that the ion beam 
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travels in the implantation chamber before striking the 
implantation surface Will be reduced compared to the beam 
distance at a center of the Workpiece implantation surface. 
On the other hand, When portions of the Workpiece tilted 
aWay from the ion beam are being implanted, a distance that 
the ion beam travels in the implantation chamber before 
striking the implantation surface Will be greater compared to 
a beam distance at a center of the Workpiece implantation 
surface. 

Obviously, the larger the Workpiece and the greater the 
implantation angle is from Zero (0) degrees, the greater the 
difference in the beam distance traversed by the ion beam 
Within the implantation chamber as implantation moves 
from one end of the Workpiece implantation surface to an 
opposite end of the implantation surface. As the ion beam 
tends to diffuse over its beam path, non-constant beam 
distance may have an adverse effect on achieving a uniform 
ion dosage implantation over an entirety of the Workpiece 
implantation surface. Thus, the trend toWard larger Wafers 
exacerbates this non-constant beam distance problem. 

To insure uniform implantation of a Workpiece implan 
tation surface, it Would be desirable to maintain a substan 
tially constant beam distance traversed by ion beam Within 
the implantation chamber before striking the implantation 
surface of the Workpiece. What is desired is a Workpiece 
support structure that provides the capability of selecting a 
desired implantation angle and then maintaining a substan 
tially constant beam distance betWeen entry of the ion beam 
into the implantation chamber and impacting the implanta 
tion surface While the Workpiece is moved With respect to 
the ion beam beam line during the implantation procedure. 

SUMMARY OF THE INVENTION 

One exemplary embodiment of the present invention 
concerns an ion beam implanter having a Workpiece support 
structure for supporting a Workpiece Within a vacuum or 
implantation chamber. The ion beam implanter includes an 
ion beam source for generating an ion beam moving along 
a path of travel and being scanned along an aXis. A Work 
piece is supported by the Workpiece support structure in the 
implantation chamber such that the Workpiece is positioned 
to intersect the path of travel of the scanned ion beam for 
implantation of a implantation surface of the Workpiece by 
the ion beam. Advantageously, the Workpiece support struc 
ture provides for: a) selecting a desired implantation angle; 
and b) moving the Workpiece for implantation of the implan 
tation surface by the ion beam While maintaining a substan 
tially constant beam distance betWeen entry of the ion beam 
into the implantation chamber and striking the implantation 
surface. 
The Workpiece support structure is coupled to the implan 

tation chamber and supports the Workpiece. The Workpiece 
support structure includes a rotation member rotatably 
coupled to the implantation chamber, the rotation member 
having an aXis of rotation perpendicular to a path of the ion 
beam Within the implantation chamber Wherein rotation of 
the rotation member With respect to the implantation cham 
ber changing an implantation angle of the Workpiece With 
respect to the path of the ion beam in the implantation 
chamber. The Workpiece support structure further includes a 
translation member movably coupled to the rotation member 
and supporting the Workpiece for linear movement along a 
path of travel in a direction transverse to the ion beam While 
maintaining the selected implantation angle. Preferably, the 
translation member is a linear motor disposed Within the 
implantation chamber. 
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Advantageously, a distance between entry of the ion beam 
into the implantation chamber and an intersection of the ion 
beam and a surface of the Workpiece remains substantially 
constant during movement of the Workpiece along its path of 
travel. 

These and other objects, advantages, and features of the 
exemplary embodiment of the invention are described in 
detail in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic plan vieW of an ion beam implanter 
of the present invention; 

FIG. 2 is a schematic top sectional vieW of an implanta 
tion chamber and associated Workpiece support structure of 
the ion beam implanter of FIG. 1 With the Wafer support 
structure in Wafer support position; 

FIG. 2A is a schematic top sectional vieW of a portion of 
the Workpiece support structure of FIG. 2 encircled With a 
dashed line and labeled FIG. 2A; 

FIG. 3 is schematic front sectional vieW of the implanta 
tion chamber and Workpiece support structure of FIG. 2 With 
the Workpiece support structure in an implantation position; 
and 

FIG. 4 is a schematic side elevation vieW a translation 
member of the Workpiece support structure of FIG. 2 With 
the Workpiece holder assembly removed. 

DETAILED DESCRIPTION 

Turning to the draWings, an ion beam implanter is shoWn 
generally at 10 in FIG. 1. The implanter includes an ion 
source 12 for creating ions that form an ion beam 14 Which 
traverses a beam path 16 to an end or implantation station 
20. The implantation station includes a vacuum or implan 
tation chamber 22 de?ning an interior region 226 in Which 
a Workpiece 24 such as a semiconductor Wafer or a ?at panel 
or a substrate is positioned for implantation by the ion beam 
16. Control electronics (shoWn schematically at 26) are 
provided for monitoring and controlling the ion dosage 
received by the Workpiece 24. Operator input to the control 
electronics 26 are performed via a user control console 27. 

The ion source 12 generates the ion beam 14 Which 
impacts the Workpiece 24. The ions in the ion beam 14 tend 
to diverge as the beam traverses a distance along the beam 
path 16 betWeen the ion source 12 and the implantation 
chamber 22. The ion source 12 includes a plasma chamber 
28 de?ning an interior region into Which source materials 
are injected. The source materials may include an ioniZable 
gas or vaporiZed source material. 

Positioned along the beam path 16 is an analyZing magnet 
30 Which bends the ion beam 14 and directs it through a 
beam shutter 32. Subsequent to the beam shutter 32, the 
beam 14 passes through a quadrupole lens system 36 that 
focuses the beam 14. The beam path 16 extends through 
de?ection electrodes 38 Wherein the ion beam 14 is repeti 
tively de?ected or scanned to generate a ribbon ion beam 
such that a portion of the ion beam 14 Within the implan 
tation chamber 22 is a ribbon ion beam 14a. The ribbon ion 
beam 14a enters the implantation chamber 22 through an 
opening 22a in a front Wall 22b of the chamber 22. The 
ribbon ion beam 14a is an ion beam that essentially has the 
shape of a very narroW rectangle that is, a beam that extends 
in one direction, e. g., has a horiZontal or “x” direction extent 
(shoWn as W in FIG. 2) With very limited extent in the 
orthogonal direction, e.g., in the vertical or “y” direction. 

Generally, the extent of the ribbon ion beam 14a is 
sufficient to implant the entire implantation surface 25 of the 
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Workpiece 24, that is, if the ribbon ion beam 14a traversing 
the implantation chamber 22 extends in the horiZontal or X 
direction (FIG. 1) and the Workpiece 24 has a horiZontal 
dimension of 300 mm. (or a diameter of 300 The 
control electronics 26 Will appropriately energiZe the elec 
trode 38 such that a horiZontal extent, W, of the ribbon ion 
beam 14a, upon striking the implantation surface 24 of the 
Workpiece 24 Within the implantation chamber 22, Will be at 
least 300 mm. The electrode 38 de?ects the beam 14 and a 
paralleliZing lens 40 is positioned along the beam line 16 to 
correct for the beam angle de?ection caused by the electrode 
38 such that the ribbon ion beam 14a is parallel When it 
implants the Workpiece 24. 
As Will be explained beloW, a Workpiece support structure 

100 both supports and moves the Workpiece 24 With respect 
to the ribbon ion beam 14 during implantation such that the 
entire implantation surface 25 of the Workpiece 24 is uni 
formly implanted With ions. In addition to the scanning 
technique described above, those of skill in the art Will 
recogniZe that the ribbon shape of the ribbon ion beam 14a 
Within the implantation chamber 22 can be created in a 
number of Ways. For example, an arc slit of the plasma 
chamber 28 may be shaped such that the ion beam as created 
has a ribbon shape from inception. The present invention is 
not limited to the use of any particular technique or structure 
to shape or form the ion beam. 
A more detailed description of an ion implanter adapted 

for serial implantation of Workpieces is disclosed in US. 
Pat. No. 4,975,586, issued to Ray et al. on Dec. 4, 1990 and 
US. Pat. No. 4,761,559, issued to Myron on Aug. 2, 1988. 
The ’586 and ’599 patents are assigned to the assignee of the 
present invention and are incorporated herein in their respec 
tive entireties by reference. 
The implantation chamber interior region 226 is evacu 

ated. TWo robotic arms 42, 44 mounted Within the implan 
tation chamber 22 automatically load and unload Wafer 
Workpieces to and from the Workpiece support assembly or 
structure 100. The Workpiece 24 is shoWn in a horiZontal 
loading position in FIG. 1. Prior to implantation, the Work 
piece support structure 100 rotates the Workpiece 24 to a 
vertical or near vertical position for implantation. If the 
Workpiece 24 is vertical, that is, normal With respect to the 
ion beam 14, the implantation angle or angle of incidence is 
0 degrees. It has been found that to minimiZe undesirable 
channeling effects, typically, a small but nonZero implanta 
tion angle is selected. 

In a typical implantation operation, undoped Workpieces 
are retrieved from a ?rst cassette 50 by a shuttle 52 Which 
brings a Workpiece 24 to the vicinity of a robotic arm 54 
Which moves the Workpiece to an orienter 56, Where the 
Workpiece 24 is rotated to a particular crystal orientation. 
The arm 54 retrieves the oriented Workpiece 24 and moves 
it into a loading station 58 adjacent the implantation cham 
ber 22. The loading station 58 closes, is pumped doWn to a 
desired vacuum, and then opens into the implantation cham 
ber 22. The ?rst arm 42 Within the implantation station 22 
grasps the Workpiece 24, brings it Within the implantation 
chamber 22 and places it on an electrostatic clamp or chuck 
202 of the Workpiece support structure 100. The electrostatic 
clamp 202 is energiZed to hold the Workpiece 24 in place 
during implantation. Suitable electrostatic clamps are dis 
closed in US. Pat. No. 5,436,790, issued to Blake et al. on 
Jul. 25, 1995 and US. Pat. No. 5,444,597, issued to Blake 
et al. on Aug. 22, 1995, both of Which are assigned to the 
assignee of the present invention. Both the ’790 and ’597 
patents are incorporated herein in their respective entireties 
by reference. 
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After ion implantation of the workpiece 24, the workpiece 
support structure 100 returns the Workpiece 24 to a hori 
Zontal position and the electrostatic clamp 102 is denergiZed 
to release the Workpiece. The second arm 44 of the implan 
tation station 22 grasps the implanted Workpiece 24 and 
moves it from the implantation chamber 22 to an unload 
station 60. From the unload station 60, a robotic arm 62 
moves the implanted Workpiece 24 to a shuttle 64 Which 
places the Workpiece into a second cassette 66. 

The Workpiece support structure 100 is operated by the 
control electronics 26. The Workpiece support structure 100 
supports the Workpiece 24 during implantation, and, 
advantageously, permits both rotational and translational 
movement of the Workpiece 24 With respect to the ribbon ion 
beam 14a Within the implantation chamber 22. By virtue of 
its rotational capability, the Workpiece support structure 100 
advantageously permits selection of a desired implantation 
angle or angle of incidence betWeen the ion beam 14 and the 
implantation surface 25 of the Workpiece 24. 
By virtue of its translational or linear movement 

capability, the Workpiece support structure 100 permits the 
implantation surface of the Workpiece 24 to be moved along 
a plane coincident With the desired implantation angle 
during implantation thereby both maintaining the desired 
implantation angle and additionally keeping substantially 
constant a distance d (FIG. 2) that the ribbon ion beam 14a 
travels from its entry into the implantation chamber interior 
region 226 to the point (actually a line because the ion beam 
is a ribbon ion beam) Where it impacts the implantation 
surface 25 of the Workpiece 24. This substantially constant 
distance is maintained during the during entire implantation 
of the implantation surface 25. That is, the substantially 
constant distance is maintained as the Workpiece 25 moves 
transversely With respect to the ribbon ion beam 14a, in a 
plane coincident With the desired implantation angle (IA) 
such that the entire implantation surface is implanted from 
one end 25a of the implantation surface 25 to the opposite 
end 25b (FIG. 2). 

The maintenance of a substantially constant distance or 
path of travel for the ion beam 14a betWeen the implantation 
chamber 22 and the impact of the ion beam 14a on the 
Workpiece 24 is highly desirable for uniform ion implanta 
tion characteristics over the entire implantation surface 25 of 
the Workpiece 24. Another Way of looking at the Workpiece 
support structure 100 is that it permits a substantially 
constant path of travel of the ion beam 14 from the ion 
source 12 to the point Were it impacts the Workpiece 
implantation surface 25. 
As is customary in the industry, When the ion beam 14 is 

perpendicular to the implantation surface 25 of the Work 
piece 24, the implantation angle, IA, is de?ned as Zero 
degrees. The position of the Workpiece 24 With respect to the 
ribbon ion beam 14a shoWn in FIG. 2 has an implantation 
angle, IA, equal to 0 degrees, that is, the implantation 
surface 25 of the Workpiece 24 is normal to the direction of 
the ion beam. To minimiZe detrimental channeling effects 
often times a non-Zero implantation angle may be selected 
for implantation of the Workpiece 24. TWo non-Zero implan 
tation angles are shoWn schematically by the dashed lines in 
FIG. 2 labeled IA1 and IA2. If the Workpiece 24 Were 
oriented along implantation angle IA1, an upper portion of 
the Workpiece 24 Would be tilted aWay from the ion beam 14 
and if the Workpiece 24 Were oriented along implantation 
angle IA2, a loWer portion of the Workpiece 24 Would be 
tilted aWay from the ion beam 14. 

During a production run, semiconductor Wafer Work 
pieces or ?at panel Workpieces are serially implanted. That 
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6 
is, When one Workpiece’s implantation is completed, the 
electrostatic clamp 202 is denergiZed to release the Work 
piece and implanted Workpiece is automatically removed 
from the implantation chamber 22 and another Workpiece is 
positioned on a support surface 204 of the electrostatic 
clamp 202 and the clamp is suitably energiZed to securely 
hold the Workpiece 24 on the support surface 204. 

The Workpiece support structure 100 is best shoWn in 
FIGS. 2—4. FIG. 1 is a top plan vieW shoWing the electro 
static clamp 202 in the Workpiece loading and unloading 
position. After a Workpiece 24 is loaded on the support 
surface 204 of the electrostatic clamp 202, the Workpiece 
support structure 100 rotates the Workpiece to an implanta 
tion position, such as the position shoWn in FIG. 2 (IA=0 
degrees). FIG. 2 is a top plan vieW shoWing the electrostatic 
clamp 202 supporting the Workpiece 24 in an implantation 
position. FIG. 1 shoWs the Workpiece 24 in the implantation 
position in dashed line. 

During implantation of the Workpiece 24, the Workpiece 
support structure 100 moves the Workpiece 24 in a direction 
transverse to the ribbon ion beam 14a such that the entire 
implantation surface 25 is appropriately impacted and 
implanted With desired ions. As can be seen in the schematic 
depiction in FIG. 2, the ribbon ion beam 14a at a point of 
impact With the Workpiece 24 has a Width W in the hori 
Zontal or “X” direction Which is greater than the diameter of 
the Workpiece 24, thus, no translation of the Workpiece in the 
“X” direction is required for full implantation of the Work 
piece. 
As can best be seen in FIGS. 2 and 3, the Workpiece 

support structure 100 is affixed to a side Wall 22c of the 
implantation chamber 22 and extending into the interior 
region 226 of the implantation chamber 22 through an 
opening 22a' in the implantation chamber side Wall 22c. The 
Workpiece support structure 100 includes a rotation member 
110 and an integral translation member 150. The Workpiece 
support structure rotation member 110 comprises a rotary 
turntable assembly affixed to the implantation chamber 22. 
In one preferred embodiment, the rotation member 110 
includes a spindle bearing support housing 112 affixed to the 
implantation chamber 22 and a rotary drive mechanism 120 
rotatably affixed to the support housing 112. The support 
housing 112 is affixed to the implantation chamber 22 and, 
preferably, to the implantation chamber side Wall 22c and 
eXtends into the opening 22d of the implantation chamber 
side Wall 22c. 
The rotary drive mechanism 120, in response to control 

signals from the control electronics 26, precisely rotates the 
Workpiece 24 to a desired implantation angle (IA) betWeen 
+/—89 degrees With respect to the ion beam 14. The center 
line C—C (shoWn in dashed line in FIG. 2) of the rotation 
member 110 is aligned With the front of the Workpiece 
implantation surface 25. 
The rotation member 110 further includes a spindle bear 

ing system 116 disposed in the spindle bearing support 
housing 112 and a holloW tilt aXis shaft 123 rotatably 
supported by the spindle bearing systems. As can be seen in 
FIG. 2, the tilt aXis shaft 123 eXtends into the implantation 
chamber interior region 226. The rotation member 110 also 
includes a ferro?uidic rotary vacuum seal system 130 also 
disposed betWeen spaced apart sets of bearings 116a, 116b 
of the spindle bearing system. 
The rotary drive mechanism 120 includes a rotational 

servomotor 122 Which, in response to control signals from 
the control electronics 26, precisely rotates the tilt aXis shaft 
123 and, thereby, rotates the Workpiece 24 to the desired 
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implantation angle (IA). The angular position of the shaft 
123 is monitored and reported to the control electronics 26 
by a tilt axis rotary encoder 126. The servo-motor 122 is of 
conventional design and may, for example, be a direct drive 
servomotor or a gear-reduced servomotor. Acentral opening 
or bore 124 extends through the tilt axis shaft 123 to permit 
facilities, such as electrical Wiring, to be routed to the 
translation member 150. The central bore 124 is at atmo 
spheric pressure, unlike the evacuated implantation chamber 
interior region 226. 

The tilt axis shaft 123 is rotatably supported Within the 
support housing 112 by means of the bearing assembly 116. 
The bearing assembly includes the tWo spaced apart bear 
ings 116a, 116b, each of Which comprises a conventional 
mechanical bearing assembly such as ball or roller bearings 
supported Within a bearing cage and disposed betWeen and 
inner and outer races. 

Alternately, the bearing assembly 116 may be a different 
type of bearing assembly such as, for example, a non-contact 
gas bearing assembly or other type of bearing assembly as 
Would be recogniZed by one of skill in the art. 
Vacuum is maintained betWeen the interior region 226 of 

the implantation vacuum chamber and outside atmosphere 
(atmospheric pressure is present in the central bore 124 of 
the shaft 123 Which extends into the implantation chamber 
interior region 226) by means of magnetic ?uid (ferro?uid) 
seal system 130. The magnetic ?uid seal system 130 is 
cylindrically shaped and de?nes a throughbore or 
feedthrough through Which the tilt axis shaft 123 extends. 
The magnetic ?uid seal system 130 includes a housing 
supporting a ring-shaped permanent magnet, tWo ring 
shaped pole pieces disposed on either side of the permanent 
magnet, and ferro?uid disposed in the respective radial gaps 
betWeen the axial, inWard facing surface of the pole pieces 
and the tilt axis shaft 123. The ferro?uid is a colloidal 
suspension of ultramicroscopic magnetic particles in a car 
rier liquid and is located in axial grooves machined into 
either the pole pieces or the shaft 123. For the magnetic ?uid 
seal system 130 to properly Work, the tilt axis shaft 123 must 
be magnetically permeable. 

In the magnetic ?uid seal system 130, a magnetic circuit 
is completed by the stationary pole pieces and the shaft 123. 
The magnetic circuit concentrates magnetic ?ux in the radial 
gap betWeen each pole piece and the shaft 123. The ferrof 
luid in the respective radial gaps assumes the shape of a 
liquid O-ring and produces a hermetic seal betWeen the 
ring-shaped pole pieces and the shaft 123. If necessary, 
multiple stages of ring-shaped permanent magnets and ring 
shaped pole pieces may be used to increase the pressure 
capacity of the magnetic ?uid seal system 130. 

The ferro?uidic seal of the magnetic ?uid seal system 130 
provides a hermetic seal under both static and dynamic 
condiditons against gas, vapor and other contaminants. 
Further, since the sealing medium is a ?uid, there is virtually 
no friction betWeen the rotatable shaft 123 and the stationary 
portions of the seal system 130. 

Suitable holloW shaft cartridge mount vacuum 
feedthroughs and holloW shaft ?ange mount vacuum 
feedthroughs for the magnetic ?uid seal system 130 are 
commercially available from Ferrotec (USA) Corporation, 
40 Simon Street, Nashua, NH. 03060-3075 (Web site: 
http://WWW.fero.com/usa/sealing). Amagnetic ?uid seal sys 
tem is disclosed in US. Pat. No. 4,293,137, issued Oct. 6, 
1981 to Ezekiel. The ’137 patent is incorporated in its 
entirety herein by reference. 

Alternately, a differentially pumped, contact-type vacuum 
seal system may be used to maintain the vacuum and is 
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Within the contemplated scope of the present invention. A 
description of a differentially pumped, contact-type vacuum 
type vacuum seal systems is found in US. patent application 
Ser. No. 10/192,344 to Ferrara, ?led on Jul. 10, 2002 and 
assigned to the assignee of the present invention. The ’344 
application is incorporated herein in its entirety by reference. 
The Workpiece support structure 100 further includes the 

translation or reciprocating member 150 Which is integral 
With the rotation member 110 and is disposed With the 
implantation chamber interior region 226. As can best be 
seen in FIGS. 2—4, the translation member 150 includes a 
support frame 152 affixed to the rotatable tilt axis shaft 123 
and a carriage 154 mechanically coupled to the support 
frame 152 via a linear bearing assembly 160 for linear 
movement With respect to the support frame 152. The 
translation member 150 provides for linear translational 
movement of the Workpiece 24 along a plane coincident 
With the selected implantation angle (IA). 
As can best be seen in FIG. 2, the carriage 154 includes 

a ?ange 155 that supports the Workpiece holder assembly 
200. The Workpiece holder assembly 200 includes a support 
arm 206, attached at one end to the ?ange 155 (FIG. 2) of 
the carriage 154. At its opposite end, the support arm 206 
supports a Workpiece holder 208 of the Workpiece holder 
assembly 200. The Workpiece holder 208 supports the 
electrostatic clamp 202 Which, in turn, supports the Work 
piece 24 for movement in front of the ribbon ion beam 14a. 

The carriage 154 is supported for linear movement With 
respect to the support frame 152 by means of the linear 
bearing assembly 160. The bearing assembly 160 (best seen 
in FIGS. 2A and 4) preferably includes a pair of spaced 
apart, parallel linear rail supports 162, 164 affixed to an 
outWard face 166 of the stationary support 152 and four 
bearing Ways 168, 170, 172, 174 (FIG. 4) affixed to an 
inWard face 176 of the carriage 154. A plurality of ball or 
roller bearings are disposed in each of the four bearing Ways 
168, 170, 172, 174. The bearings of the tWo spaced apart 
Ways 168, 170 bear against and roll along the rail support 
162 and the bearings of the tWo spaced apart Ways 172, 174 
bear against and roll along the rail support 164 to provide for 
linear movement of the carriage 154 With respect to the 
stationary support 152 and the implantation chamber 22. 

Alternately, the bearing assembly 160 may be a different 
type of conventional linear bearing assembly such as ball or 
roller bearings supported Within a bearing cage and disposed 
betWeen inner and outer races as Would be recogniZed by 
one of ordinary skill in the art. Additionally, the bearing 
assembly 160 may be a non-contact gas bearing assembly 
could be suitably employed as Would be recogniZed by one 
of ordinary skill in the art. A non-contact gas bearing 
assembly is disclosed in the ’344 application previously 
referenced. All of these types of bearing assemblies are With 
the contemplated scope of the present invention. 

Linear motion of the carriage 154 With respect to the 
support frame 152, the vertical or “y” direction Which is 
labeled “SD” for “scan direction” in FIGS. 3 and 4, is 
achieved by a linear motor assembly including a linear 
servomotor 180 disposed betWeen an inWardly facing 
stepped portion 182 of the carriage 154 and the support 
frame 152. Preferably, the linear brushless servomotor 180 
comprises a non-magnetic forcer coil to provide Zero clog 
ging for smooth velocity control and excellent positional 
accuracy. Alternatively, the liner servomotor may be of an 
iron-core brushless type, but this type of servomotor inher 
ently has velocity control that is less smooth and positional 
accuracy that is less accurate than the non-magnetic type. 
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As can best be seen in FIGS. 2A and 4, the servomotor 
180 includes an elongated electromagnetic motor coil 184 
and tWo parallel sets of permanent magnets 186, 188 dis 
posed on respective magnet tracks 186a, 188a located on 
either side of the electromagnetic coil 184. The magnet 
tracks 186a, 188a are supported by the support frame 152. 
The electromagnetic coil 184 is appropriately energiZed by 
the control electronics 26 to precisely control the linear 
movement of the carriage 154 With respect to the support 
frame 152. 

The translation member 150 further includes a linear 
brake assembly 190 and a vacuum compatible linear read 
back encoder 192 both affixed to the inWard facing surface 
176 of the carriage 154 to facilitate precise control of the 
position of the carriage 154 and thereby position of the 
Workpiece 24 With respect to the ion beam 14a. The linear 
brake assembly 190 comprises a movable piston assembly 
that can be acutated pneumatically or by means of a solenoid 
so that the piston contacts the support frame 152, thereby 
providing a means of holding the carriage 154 in a ?xed 
position. 

Since the linear motor assembly 180 can potentially be 
oriented so that the path of travel of the carriage 154 is not 
alWays normal relative to the gravitational acceleration 
direction, one purpose of the linear brake assembly 190 is to 
act as a fail-safe mechanism so that if the linear motor 180 
is de-energiZed, the brake assembly 190 Will be energiZed so 
that the carriage 154 Will remain in its current desired 
position and not be accelerated to the loWest point of along 
its path of travel. The design of the linear brake assembly 
190 may be of any conventional type that prevents motion 
of the carriage 154 When the linear motor 180 is 
de-energiZed so that the action is fail-safe, i.e., prevents 
motion of the carriage 154 during loss of poWer. 

The translation member 150 further includes a linear 
motion harness system 194. One end of the harness system 
194 is attached to and moves With the carriage 154 and the 
other end of the harness system is stationary and attached to 
the support frame 152. The harness system 194 provides 
support for electrical and cooling lines such as linear motor 
poWer lines, linear motion commutation information lines, 
Water cooling lines, brake control lines (pneumatic or 
electrical), encoder readback signal information lines, elec 
trostatic clamp control lines, Workpiece rotate motor poWer 
and control signal lines and Workpiece support arm pressure 
communication so that an interior area 196 of the Workpiece 
support arm 206 may be maintained at atmospheric pressure. 

The Water cooling lines of the harness system 194 provide 
cooling for the Workpiece 24 located at the electrostatic 
chuck 202 and the electromagnetic coil 184 of the linear 
servomotor 180. Advantageously, since the interior region 
196 of the support arm 206 is at atmospheric pressure, a 
direct drive motor 210 of the Workpiece holder assembly 
200 Which rotates the electrostatic clamp 202 and the 
Workpiece 24 disposed thereon for quad or octal implants, 
the direct drive motor does not require cooling Water 
Additionally, since the drive motor 210 is at atmospheric 
pressure, a strandard brushless type servomotor and a stan 
dard encoder may be used. 

At the end of the harness system 194 affixed to the support 
frame 152, the electrical and cooling lines of the harness 
system 194 pass through vacuum feedthroughs to an interior 
region 198 (FIG. 2A) of the support frame 152 that is at 
atmospheric pressure and subsequently through the central 
bore 124 (shoWn in dashed line in FIGS. 2 and 3) of the tilt 
aXis shaft 123. The moving end of the harness system 
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connects to the carriage 154 and the linear motor 180. The 
harness system connections that communicate to the elec 
trostatic clamp 202, the direct drive motor 210, and the 
linear brake assembly 190 pass through vacuum 
feedthroughs to the interior region 196 of the Workpiece 
support arm 206. 

The reciprocating linear motion of the carriage 154 during 
implantation is perpendicular to a normal vector of the 
Workpiece implantation surface 25. Stated another Way, 
linear movement of the carriage 154 causes movement of the 
Workpiece 24 Within a plane coincident With the selected 
implantation angle (IA). Multiple independent degrees of 
freedom or motion are advantageously achieved by combi 
nation of the reciprocating linear motion of the translation 
member 150 With respect to the rotational member 110. This 
alloWs for constant focal length scanning of the Workpiece 
24 in front of the ion beam 14. In other Words, a distance 
from the impact point of the ion beam on the Workpiece 
implantation surface 25 to the ion beam 14 entrance into the 
implantation chamber 22 is alWays constant for all rotation 
angles of the rotational member 110, that is, all implantation 
angles (IA). 
The Workpiece 24 is held on the Workpiece holder assem 

bly 200 by means of the electrostatic clamp or chuck 202. 
The electrostatic chuck 202 is cooled in order to remove the 
energy or heat that is transferred from the Workpiece 24 
during implantation. In order to alloW for quad or octal 
implants, preferably, the Workpiece holder 208 and the 
electrostatic clamp 202 coupled thereto rotate With respect to 
the support arm 206. The Workpiece holder 208 is opera 
tively coupled to the direct drive motor 210 so that the 
Workpiece holder 208 and the Workpiece support surface 
204 of the clamp 202 can rotate up to 360 degrees. The 
rotational centerline of the electrostatic clamp 202, shoWn as 
dashed line D in FIG. 2, is aligned With a centerline of the 
Workpiece 24. Alternately, the drive motor 210 may rotate 
the Workpiece holder 208 indirectly by a belt or cable. 
The Workpiece holder 208 is mounted to the support arm 

206 by means of a bearing assembly 220. The bearing 
assembly 220 is preferably a ball or roller bearing assembly, 
having ball or roller bearings supported Within a bearing 
cage and disposed betWeen and arcuate inner and outer races 
affixed to or formed in the corresponding surfaces of the 
Workpiece holder 208 and the support arm 206. Alternately, 
the bearing assembly 220 may be a non-contact gas bearing. 

In one preferred embodiment, the drive motor 210 
includes an integral rotary vacuum seal system 230 betWeen 
the support arm 206 and Workpiece holder 208. The vacuum 
seal system 230 is needed because, as noted previously, the 
interior region 196 (FIG. 2) of the Workpiece support 
assembly support arm 206 is at atmospheric pressure. 
Preferably, the vacuum seal system 230 is a magnetic ?uid 
(ferro?uid) seal system, similar to the seal system 130 
discussed above. Alternatively, a differentially pumped 
radial vacuum seal system may be used as the seal system 
230. Both of these seal system designs as Well as other seal 
systems such as a lip seal or other polymer material contact 
type seal designs as Well as non-contact vacuum seal sys 
tems knoW to those of skill in the art Would also be suitable 
for the vacuum seal system 230 and are Within the contem 
plated scope of the present invention. 

While the present invention has been described With a 
degree of particularity, it is the intent that the invention 
include all modi?cations and alterations from the disclosed 
design falling With the spirit or scope of the appended 
claims. 
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I claim: 
1. An ion beam implanter comprising: 
a) an ion beam source for generating an ion beam moving 

along a beam line; 
b) an implantation chamber stationary With respect to a 

portion of the the ion beam beam line Within the 
implantation chamber Wherein a Workpiece is posi 
tioned to intersect the ion beam for ion implantation of 
an implantation surface of the Workpiece by the ion 
beam; and 

c) Workpiece support structure coupled to the implanta 
tion chamber and supporting the Workpiece, the Work 
piece support structure including: 
1) a rotation member coupled to and rotating With 

respect to the implantation chamber for changing an 
implantation angle of the Workpiece With respect to 
a portion of the ion beam Within the implantation 
chamber; and 

2) a translation member disposed Within the implanta 
tion chamber and movably coupled to the rotation 
member, the translation member supporting the 
Workpiece for movement along a linear path of 
travel. 

2. The ion beam implanter of claim 1 Wherein movement 
of the translation member maintains a constant distance that 
the ion beam moves through the implantation chamber 
before striking the implantation surface of the Workpiece. 

3. The ion beam implanter of claim 1 Wherein the rotation 
member has an axis of rotation perpendicular to the portion 
of the ion beam Within the implantation chamber. 

4. The ion beam implanter of claim 1 Wherein movement 
of the translation member is perpendicular to an axis of 
rotation of the rotation member and parallel to the implan 
tation surface of the Workpiece. 

5. The ion beam implanter of claim 1 Wherein the trans 
lation member includes a support frame affixed to the 
rotation member, a carriage movable With respect to the 
support frame along a linear path of travel and a linear motor 
driving the carriage along its path of travel. 

6. The ion beam implanter of claim 5 Wherein the trans 
lation member further includes a Workpiece holder assembly 
extending inside the implantation chamber and comprising 
an electrostatic clamp for holding the Workpiece. 

7. The ion beam implanter of claim 6 Wherein the elec 
trostatic clamp is rotatable With respect to the ion beam. 

8. The ion beam implanter of claim 1 Wherein a vacuum 
is maintained betWeen the implantation chamber and the 
rotation member by a circular vacuum seal. 

9. The ion beam implanter of claim 8 Wherein the circular 
vacuum seal is a ferro?uidic vacuum seal. 

10. The ion beam implanter of claim 1 Wherein the 
translation member includes a support frame affixed to the 
rotation member, a carriage movable With respect to the 
support frame along a linear path of travel and a linear 
bearing betWeen the support frame and the carriage. 

11. An ion beam implanter comprising: 
a) an ion beam source for generating an ion beam moving 

along a beam line; 
b) an implantation chamber ?xed With respect to a portion 

of the ion beam beam line Within the implantation 
chamber Wherein a Workpiece is positioned to intersect 
the ion beam for ion implantation of a surface of the 
Workpiece by the ion beam; and 

c) Workpiece support structure coupled to the implanta 
tion chamber and supporting the Workpiece, the Work 
piece support structure including: 
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1) a rotation member coupled to and rotating With 

respect to the implantation chamber for changing an 
implantation angle of the Workpiece With respect to 
a portion of the ion beam Within the implantation 
chamber; and 

2) a translation member disposed Within the implanta 
tion chamber and movably coupled to the rotation 
member, the translation member supporting the 
Workpiece for linear movement along a path of travel 
Wherein movement of the translation member is 
parallel to the implantation surface of the Workpiece. 

12. The ion beam implanter of claim 11 Wherein a distance 
betWeen a position Where the ion beam enters the implan 
tation chamber and an intersection of the ion beam and a 
surface of the Workpiece remains constant during movement 
of the Workpiece along its path of travel. 

13. The ion beam implanter of claim 11 Wherein the 
rotation member has an axis of rotation perpendicular to the 
portion of the ion beam Within the implantation chamber. 

14. The ion beam implanter of claim 11 Wherein the 
translation member includes a linear servo motor disposed 
betWeen a support frame affixed to the rotation member and 
a movable carriage supporting the Workpiece. 

15. The ion beam implanter of claim 11 Wherein move 
ment of the translation member is perpendicular to the axis 
of rotation of the rotation member. 

16. The ion beam implanter of claim 11 Wherein the 
translation member includes a translation shaft mounted 
inside the rotation member and having a direction of move 
ment that intersects the axis of rotation of the rotation 
member. 

17. The ion beam implanter of claim 16 Wherein the 
translation member further includes a Workpiece holder 
assembly extending inside the implantation chamber and 
comprising an electrostatic clamp for holding the Workpiece. 

18. The ion beam implanter of claim 16 Wherein the 
electrostatic clamp is rotatable With respect to the ion beam. 

19. The ion beam implanter of claim 11 Wherein a vacuum 
is maintained betWeen the implantation chamber and the 
rotation member by a circular vacuum seal. 

20. The ion beam implanter of claim 19 Wherein the 
circular vacuum seal is a ferro?uidic vacuum seal. 

21. The ion beam implanter of claim 11 Wherein the 
translation member includes a support frame affixed to the 
rotation member, a carriage movable With respect to the 
support frame along a linear path of travel and a linear 
bearing betWeen the support frame and the carriage. 

22. A Workpiece support assembly for an ion beam 
implanter generating an ion beam moving along a beam line 
and including an implantation chamber stationary With 
respect to a portion of the ion beam beam line Within the 
implantation chamber Wherein a Workpiece is positioned to 
intersect the ion beam for ion implantation of an implanta 
tion surface of the Workpiece by the ion beam, the Workpiece 
support assembly comprising: 

a) a rotation member coupled to and rotating With respect 
to the implantation chamber for changing an implan 
tation angle of the Workpiece With respect to a portion 
of the ion beam Within the implantation chamber; and 

b) a translation member disposed Within the implantation 
chamber and movably coupled to the rotation member, 
the translation member supporting the Workpiece for 
movement along a linear path of travel. 

23. The Workpiece support assembly of claim 22 Wherein 
movement of the translation member maintains a constant 
distance that the ion beam moves through the implantation 
chamber before striking the implantation surface of the 
Workpiece. 
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24. The workpiece support assembly of claim 22 Wherein 
the rotation member has an axis of rotation perpendicular to 
the portion of the ion beam Within the implantation chamber. 

25. The Workpiece support assembly of claim 22 Wherein 
movement of the translation member is perpendicular to an 
axis of rotation of the rotation member and parallel to the 
implantation surface of the Workpiece. 

26. The Workpiece support assembly of claim 22 Wherein 
the translation member includes a linear servo motor dis 
posed betWeen a support frame affixed to the rotation 
member and a movable carriage supporting the Workpiece. 

27. The Workpiece support assembly of claim 26 Wherein 
the translation member further includes a Workpiece holder 
extending inside the implantation chamber and comprising 
an electrostatic clamp for holding the Workpiece. 

28. The Workpiece support assembly of claim 27 Wherein 
the electrostatic clamp is rotatable. 

29. The Workpiece support assembly of claim 22 Wherein 
a vacuum is maintained betWeen the implantation chamber 
and the rotation member by a circular vacuum seal. 

30. The Workpiece support assembly of claim 29 Wherein 
the circular vacuum seal is a ferro?uidic vacuum seal. 

31. The Workpiece support assembly of claim 22 Wherein 
the translation member includes a support frame affixed to 
the rotation member, a carriage movable With respect to the 
support frame along a linear path of travel and a linear 
bearing betWeen the support frame and the carriage. 

32. A method of implanting ions in a Workpiece using an 
ion beam implanter generating an ion beam for implanting 
a Workpiece and having an implantation chamber ?xed With 
respect to a portion of a beam line of the ion beam Within the 
implantation chamber Wherein a Workpiece is positioned to 
intersect the ion beam for ion implantation of an implanta 
tion surface of the Workpiece, the steps of the method 
comprising: 
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a) providing a Workpiece support structure coupled to the 

implantation chamber and supporting the Workpiece, 
the Workpiece support structure including: 
1) a rotation member coupled to and rotating With 

respect to the implantation chamber for changing an 
implantation angle of the Workpiece With respect to 
a portion of the beam line of the ion beam Within the 
implantation chamber; and 

2) a translation member disposed Within the implanta 
tion chamber and movably coupled to the rotation 
member and supporting the Workpiece for movement 
along a path of travel; 

b) positioning the Workpiece on the translation member; 
c) selecting a desired implantation angle for the Work 

piece by rotating the rotation member; 
d) directing the ion beam at the Workpiece; and 
e) moving the Workpiece along a linear path of travel by 

moving the translation member. 
33. The method of implanting ions in a Workpiece of 

claim 32 Wherein movement of the translation member 
maintains a constant distance that the ion beam moves 

through the implantation chamber before striking the 
implantation surface of the Workpiece the Workpiece. 

34. The method of implanting ions in a Workpiece of 
claim 32 Wherein the ion beam is a ribbon ion beam When 
striking the Workpiece and the Workpiece path of travel is 
transverse to an extent of the ribbon ion beam and the 
portion of the ion beam beam path Within the implantation 
chamber. 


